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ABSTRACT
PURPOSE: To demonstrate and analyse the microstructural changes of the cornea in eyes with glaucoma of 
patients suffering diabetes, using laser scanning confocal microscopy (LSCM).
METHODS: The study included both eyes of ten patients with diabetes, examined clinically, and by non-con-
tact optical pachymetry and laser scanning confocal microscopy (LSCM). Results were compared with age 
matching subjects without eye disease (control group n=20 eyes). All participants had a complete eye exami-
nation. The collected data were blindly analyzed by two independent researchers. Qualitative and quantita-
tive analysis was performed as previously described by our group (ref). 
RESULTS: The average central corneal thickness among patients was 541±27μm which differed from the 
normal subjects (560±15 µm). The average density of cells in the basal epithelial layer was 5846±750 cells/
mm² in comparison to the controls (6000±350 cells/mm²) . The average density of endothelial cells was 
2694±300 cells/mm², and were lower than the controls (2790±239 cells/mm²). In some eyes they showed vis-
ible polimegatism and polymorphism. Specific particles of varying size and shape considered to be deposits 
were found in 35% of eyes with density of 94 particles/ mm². Those were not identified in controls.
CONCLUSIONS: Laser scanning confocal microscopy in vivo allows non-invasive, repeatable identification 
of microstructural changes in patients with diabetes and glaucoma. Perhaps the most characteristic feature 
is decreased density of the nerves in combination with cell loss, which potentially complicates the prognosis 
in following medical and surgical treatments. We are still to elucidate the nature of the particles highlight-
ed in one-third of our diseased eyes.
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INTRoDUCTIoN
Diabetes and glaucoma are socially revalent 
diseases. By 2013, the number of diabetics in the 
world is around 347 million (16), while in Bulgaria 
is 520 000 (10). The term diabetes (Diabetes Mellitus) 
describes a metabolic disorder of multiple etiology, 
characterized by hyperglycemia and chronic 
disorders in carbohydrate, fat and protein metabolism 
due to defects in insulin secretion, insulin action 
or both (10). The most common forms of diabetes 
are 3: NIDDM or  “adult-onset diabetes”, IDDM or 
“juvenile diabetes” and gestational diabetes. The 
effects of longterm diabetes include impairment, 
dysfunction and failure of various complications 
of organs. In Bulgaria 10% of all patients are with 
IDDM and 30% with IDDM (1). Furthermore, it is 
associated with many other changes in the eye. One of 
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the complications of diabetes is diabetic retinopathy. 
It varies  even within one country, but mostly affects 
40% of patients with  IDDM or “juvenile diabetes”.
One of the worst complications is neovascularization 
and development of secondary “closed-angle” 
glaucoma. On the side of the cornea occurs reduced 
sensitivity, increased thickness, persistent edema, 
increased risk of growth of epithelial cells in the 
stroma after refractive surgery. Diabetes is an 
additional risk factor for the reaction of the graft 
rejection after keratoplasty. Epithelial defects recover 
more slowly. Central corneal thickness differs from 
the norm. Endothelial cells show change in size 
and shape, which makes them more susceptible to 
damage (8).
In the year 2000 people with glaucoma are 67 
million worldwide. About 2.5 million americans have 
glaucoma and half of them do not know it. 3% of the 
world population is affected by glaucoma. Glaucoma 
is multifactorial, chronic progressive neuropathy, 
which is characterized by the loss of retinal ganglion 
cells, leading to atrophy of the optic disk and the 
layer of nerve fibers with a typical loss of visual field 
and central vision (2).
Among the major risk factors for developing 
POAG are high IOP, corneal thickness under 555 
μm, age over 40  and cup / disk ratio. Additional 
risk factors include race, family history, diabetes 
and others (2). People with diabetes are 40% more 
likely to suffer from glaucoma than people without 
diabetes. The longer someone has had diabetes, the 
more common glaucoma is (5).
PURPoSE
This study is designed to demonstrate the 
microstructural changesof the living cornea 
of  patients with glaucoma and diabetes by laser 
scanning confocal microscopy (LSCM).
MATERIAL AND METHoDS
The study included the eyes of ten patients with 
diabetes aged 19 to 49 years, examined through a 
combination of non-contact pahymetry and laser 
scanning confocal microscopy (LSCM). Each 
participant was informed about the purpose of the 
study, risks, possible discomfort  and underwent a 
full eye examination. Patients with other systemic or 
ocular disease or surgery of the eye are not included 
in the study.
Laser confocal microscopy wasperformed on 
all subjects with a new generation of laser confocal 
microscope HRT II-RCM (Heidelberg Retina 
Tomograph II - Rostock Cornea Module, Heidelberg 
Engineering GmbH, Germany). Performance of 
the microscope is based on a diode laser class I 
(λ = 670 nm), the resolution is 1 μm and 4 μm 
(respectively lateral and vertical), the increase is up 
to 800 times. In the study we used gel (Corneregel, 
Bausch&Lomb GmbH, Germany) as a coupling 
agent between applanationscap and the lens. The eye 
was anesthetized with a drop Alcain (0,5% collyr, 
Alcon), and then applanated by Tomo-Cap. The 
patient was placed on head rest so that the chin and 
forehead are placed in their respective positions. The 
lens of the microscope is approached to the eye to 
achieve contact with the ocular surface, the position 
of the eye is seen by the side camera. The central 
part of the cornea was examined in all eyes. Quality 
images (no motion artifacts and compression lines) 
of various corneal layers were selected for further 
qualitative and quantitative analysis. For the purpose 
of quantitative analysis cells ( basal epithelium and 
endothelium ) were counted using the proprietary 
software. Quantitative analysis was based on cell 
density (cells /mm²) ±SD. The collected data were 
blindly analyzed by two independent researchers.
Fig. A. Laser scanning confocal microscopy  of  basal epi-
thelial layer in patients with diabetes and glaucoma
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RESULTS
The average central corneal thickness among 
patients was 541±27μm. The average density of cells 
in the basal epithelial layer is 5846±750 cells/mm² 
(Fig. A). The average density of endothelial cells was 
2694±300 cells/mm² (Fig. B). In some eyes they show 
polimegatism and polymorphism (Fig. C). Particles 
of varying size and shape considered to be deposits 
were found in 35% of eyes (Fig. C). Their density is 94 
Fig. B. Laser scanning confocal microscopy  of corneal 
endothelial layer in patients with diabetes and glaucoma
Fig. C. Laser scanning confocal microscopy at the level of 
endothelial layer demonstrating  particles of varying size 
and shape considered to be deposits, shown by arrows
Fig. D. Laser scanning confocal microscopy of  the basal 
epithelial layer in healthy controls
Fig. E. Laser scanning confocal microscopy of the corneal 
endothelial layer in healthy controls
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cells/mm². The particles were not found in the eyes of 
the controls (Fig. D, E).
DISCUSSIoN
Diabetes causes pathological changes in the 
eye. Their exact pathogenesis is still to be elucidated. 
Until now accumulation of sorbitol in the tissues, 
a protein kinase C, a non-enzymatic glycation, but 
also autoimmune component have main role in the 
pathogenesis of diabetes (4). Diabetic retinopathy is 
a microangiopathy caused by chronic hyperglycemia 
(3).
Glaucoma is currently defined as loss of the 
retinal ganglion cells and their axons. When the 
atrophy is present, the nerve fiber layer, glial cells 
and blood vessels are irreversible damaged. There 
is excavation of the disc. These disorders result in 
visual field defect (6).
A previous study using pneumo-tono-
pachymetry shows that the central thickness of the 
cornea in patients with diabetes was increased. That 
must be taken into account in the monitoring of IOP 
in diabetics (13).
Research group from Moscow looked for 
relationship between central corneal thickness 
and retinal nerve fiber layer thickness in POAG 
patients. The results highlighted possibility of rapid 
progression of glaucoma optic neuropathy in patients 
with lower CCT (11).
Another study including automated perimetry, 
stereo optic disc photographs, and applanation 
tonometry, showed the presence in 13.0% of people 
with glaucoma compared compared with 6.9% of 
those without glaucoma (12). 
The Beaver Dam Eye Study has showed too 
increased presence of open-angle glaucoma in 
patients with older-onset diabetes (9).
Other studies differed from this conclusion, 
they showed no significant relation between diabetes 
and glaucoma (15).
Another study using ultrasonic pachymetry, 
failed to establish significant differences between 
central corneal thickness in patients with diabetes 
and healthy controls. But diabetics have higher 
corneal hysteresis and that correlates positively 
with the thickness of the cornea (1). The thickness 
of the cornea is one of the main factors for the later 
diagnosis of glaucoma. Other study shows with 
ultrasonic pachymetry a significantly thicker cornea 
by patients with diabetes (14).
 In our research we have done dynamic evaluation 
with laser confocal microscopy of  eyes on patients 
with diabetes. Our study showed reduced number of 
endothelial cells and the presence of deposits. Other 
studies have reported the similar microstructural 
changes based on specular microscopy. The same 
team using an ultrasonic pachimetry proved the lack 
of significant change in the thickness of the central 
cornea in diabetic patients (7). 
 CoNCLUSIoNS
Laser scanning confocal microscopy in vivo 
allows non-invasive, repeatable identification of 
microstructural changes in patients with diabetes and 
glaucoma. Confocal microscopy is a diagnostic tool 
used to assess the microscopic aspects of endothelial 
morphological changes in patients with glaucoma 
and diabetes. This method could help both accurate 
diagnosis and prognosis for eyes with pathological 
changes. Perhaps the most characteristic feature is 
decreased density of the nerves in combination with 
cell loss, which potentially complicates the prognosis 
in following medical and surgical treatments. We are 
still to elucidate the nature of the particles highlighted 
in one-third of our diseased eyes.
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